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(57) An electron emission device exhibits a high 
electron emission efficiency. The device includes an 
electron supply iQ yf r f 1 9 ) nf mftt?' ^cumiftondijctor an. 
insulator layer (13) formed on the electron supply layer, 
and a thin-film metal electrode (15) formed on the insu- 
lator layer. T he insulator layer is formed by oxidation or 
nitriding process of the electron supply layer and ha"s~a 
film thickness of 50 nm or greater. When an electric field 
(Vd) is applied between the electron supply layer (12) 
and the thin-rilm metal electrode (15), the electron emis- 
sion device emits electrons. The invention further com- 
prises an electron emission display device. 
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D script ion 

The present invention relates to an electron emission device and an electron emission display device using the 
same. •*-■■-; 
5 In field electron emission display apparatuses, a Field Emission Display (FED) is known as a planar emission 

display device equipped with an array of cold-cathode electron emission source which does not require cathode heating. 
The emission principle of, for example, an FED using a spindt type cold cathode is as follows: Its emission principle is 
like a CRT (Cathode Ray Tube), although this FED has a cathode array different from that of CRT, that is, electrons 
are drawn into a vacuum space by means of a gate electrode spaced apart from the cathode, and the electrons are 
10 made to impinge upon the fluorescent substance that is coated on a transparent anode, thereby causing light emission. 

This field emission source, however, faces a problem of low production yield because the manufacture of the 
minute spindt type cold cathode is complex and involves many steps. : 

There also exists an electron emission device with a metal-insulator-metal (MIM) structure as a planar electron 
source. The electron emission device with the MIM structure has an Al layer as a cathode, an AlgC^ insulator layer of 
is about 10 nm in film thickness and an Au layer, as an anode, of about 10 nm in film thickness formed in order on the 
substrate. With this device placed under an opposing electrode in a vacuum, when a voltage is applied between the 
underlying Al layer and the overlying Au layer and an acceleration voltage is applied to the opposing electrode, some 
of electrons leap out of the overlying Au layer and reach the opposing electrode. Even the electron emission device 
with the MIM structure does not yet provide a sufficient amount of emitted electrons. 

To improve this property of emission, it is considered that there is a necessity to make the Ai 2 0 3 insulator layer 
thinner by about several nanometers and make the quality of the membranous of the Al 2 0 3 insulator layer and the 
interface between the Al 2 0 3 insulator layer and the overlying Au layer more uniform. 

To provide a thinner and more uniform insulator layer, for example, an attempt has been made to control the 
formation current by using an anodization thereby to improve the electron emission characteristic, as in the invention 
25 described in Japanese Patent Application kokai No. Hei 7-65710. s 

However, even an electron emission device with the MIM structure which is manufactured by this method ensures 
an emission current of about 1 x 10* 6 A/cm 2 and an electron emission efficiency of about 1 x 10' 3 . 

Accordingly, it is an object of the present invention to provide an electron emission device with a high electron 
emission efficiency and an electron emission display apparatus using the same. 
30 The foregoing and other problems are overcome and the object of the invention are realized by an electron emission 

device in- accordance with embodiments of this invention, wherein the device according to the invention comprises: 

an electron supply layer made of metal or semiconductor; - 
an insulator layer formed on the electron supply layer; and 
35 a thin-film metal electrode formed on the insulator layer and facing a vacuum space,- 

characterized in that said insulator layer formed by oxidation or nitriding process of said electron supply layer 

and having at a film thickness of 50 nm or greater, whereby the electron emission device emits electrons when an 

electric field is applied between the electron supply iayer and the thin-fiirn metal. 
^o in the electron emission device according to the invention,' said electron supply layer may be made of silicon; and 

said insulator layer made a substance selected from silicon oxide and silicon nitride. 

According to the electron emission device of the invention with the above structure; through-bores are not likely 

to be produced in the insulator layer because of its large thickness and then the production yield is -improvedTThe 

emission current of the electron emission device is greater than 1 x 1 0r 6 A/cm 2 and is approximately 1 x 10 -3 A/cm 2 , 
45 and the electron emission efficiency obtained is- 1 x 10" 1 . Therefore, this electron emission device, when in use in a 

display device, can provide a high luminance, can suppress the consumption of the drive current and the generation 

of heat from the device, and can reduce, a burden on the driving circuit. 

The electron emission device of the" invention is a planar or spot-like electron emission diode and can be adapted 

to high speed devices such as a source of a pixel vacuum tube or bulb, an electromagnetic emission source of an 
50 electron microscope, a vacuum-micro electronics device and the like. In addition, this electron emission device can 

serve as a light-emitting diode or a laser diode which emits electromagnetic waves of infrared rays, visible light or 

ultraviolet rays. 

Moreover a display device using an electron emission device according to the invention comprises: 
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a pair of first and second substrates facing each other with a vacuum space in between; 
a plurality of electron emission devices provided on the first substrate; 
a collector electrode provided in the second substrate; and- 
a fluorescent layer formed on the collector electrode, 
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each of the electron emission devices comprising an electron supply layer of metal or semiconductor; an insulator- 
layer formed on the electron supply lay r; and a thin-film metal electrode formed on the insulator layer and facing 
a vacuum space, wherein said insulator layer formed by oxidation or nitriding process of said electron supply layer 
and having at a film thickness of 50 nm or greater 
5 ' :. 

The present invention will now be described, by-way of example, with reference-to the accompanying drawings, 
in which: ■ ** 

Fig. 1 is a schematic cross-sectional view of an- electron emission device according to the invention; 
10 Figs. 2 to 4 are partly enlarged schematiccross-sectional views each showing a substrate with functional layers 

for the manufacture of an electron emission device according to the invention; . . 

Fig. 5 is a graph showing a dependency of the electron emission current on the film thickness of an.insulatorjayer 
in the electron emission device embodying the invention; 

Fig. 6 is a graph showing a dependency of the electron emission efficiency on .the film thickness of the insulator 
15 layer in the electron emission device embodying the invention: 

Fig. 7 is a graph illustrating a fluctuation of. emission current with the lapse of timein the electron emission device 
embodying the invention: /. 

Fig. 8 is a graph illustrating a relationship between the electron emission current and the driving voltage applied 
for driving the electron emission device of an embodiment according to the invention together with that of a com- 
20 parative electron emission device; \ . , 

Fig. 9 is a schematic perspective view showing an electron emission display device according to one embodiment 
of the invention; and 5 *^-o*^ .. ■ < : ,-i : 

_ Fig. 10 is a diagram for explaining the operation of the electron emission device of the, invention. . ^ .■ - 

25 Preferred embodiments according to the present invention" will >be. described jn-more detail- with reference to the 

accompanying drawings. . - _ ■ -. w v.* ^ \ ■* ■■ - ^ r, ; - ; - 

As shown in Fig. 1 , an electron emission device embodying the invention has an .ohmic electrode 11 formed on a 
device substrate 10. The electron emission device further has an ejectron.supply layer 12 of m etal or semiconductor. 
a n insulator layer 13 and a thin-film metal electrode 15 of metal facing a vacuum space which are layered or formed 
30 in turn on the ohmic electrode. The electron emission device. emits electrons when an electric field is applied between 
the electron supply* layerand the- thin-film metal electrode. Th e.insulator layer 13 is formed, through an oxidation or 
nitriding process of the electron suppjy layer and having at a film thickness -of-50 nm or greater- 

This electron emission device can be regarded as a diode of. whichUhe thin -film metal electrode 15 at its surface 
is connected to a positive potential Vd and the back i.e., ohmic je I ect rode 11. is connected to a ground potential. When 
35 the voltage Vd is applied between the ohmic electrode 11 and;the,thin^ilm nietai: electrode 15 to supply electrons into 
the electron supply layer 12, a diode current Id flows. Since the insulator layer 13 has a high resistance, most of the 
applied electric field is: applied, to tne insulator layer 1.3., The -.electrons travel inside, the insulator layer 1 3 toward the 
thin-film metal electrodeVIS; Some ;of the electrons, that reach .near the thin -film, metal, elect rode 15 tunnel through the 
thin-film metal electrode 15, due to the : strong fields to ; be. discharged out, into the vacuum space. .The electrons e 
40 (emission current I e) discharged, front the th in-f i Im -metal electrode ijl 5; by the tunnel effect are accelerated by a high 
voltage Vc, which is applied to an opposing col lector electrode (transparent electrode) 2-, and is collected at the collector 
electrode 2. If a fluorescent substance is coated on- the collector electrode 2,- corresponding visible light is emitted. 

. * Although sputtering is particularly effective informing th pse layers , n n thp R ii hqtrat p n y ce pt the i o siilalctf-layer 13, 

(Q/nJiJP pther methods such as4he vacuum deposition, th e CVD (Chemical Vapor De position ^ the .lasenablation. the MBE 
. 45 (Molecular Beam Epitaxy) and the ion beam sputtering are also effective to the formation of those layers. 

The formation of the insulatorlayer 13 by the oxidation or nitriding process of the electron supply layer is performed 
v . as follows: As shown in Fig. 2, th e electron supply layer 1 2 of Si is fi rstly deposited on the ohmic electrode 11 formed 

^> m vCO on the substrate 10 tbroughUhe sputtering. The sputtering method may be performed by using a gas of Ar, Kr or Xe or 

a mixture thereof, .ora gas-mixture, essentially consisting of .one of those rare gases with C^, N 2 , H 2 or the like mixed 
50 therein, under the sputtering conditions of a gas pressure of 0.1 to .1 00 m Tor r, preferably 0.1 to 20 mTorr and the forming 
rate i.e., deposition- rate of 0.1 to 1000 nm/min, preferably 0.5 to 100 nm/min. The single. layer or multilayer structure, 
the amorphous phase, the grain size and the atomic ratio of each layer for the electron supply layer and the insulator 
layer are able to be controlled by properly altering the sputtering. target and sputtering conditions of the sputtering 
device. 

55 Next, as shown in Fig. 3, the electron supply. layer, 1-2 is xposed ujider a gaseous or plasma atmosphere of oxygen 

so as to be oxidized. The oxidizing conditions is for example of a -temperature ranging from ,700 to 1200 degrees 
Centigrade and a time period of from 1 to 120 minutes in oxygen gas, alternatively under of a temperature ranging 
from 100 to 900 degrees Centigrade and a time period of form 1 to 120 minutes in the oxygen plasma. Alternatively , 
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as shown in Fig. 3, the electron supply layer 12 may be exposed under a gaseous or plasma atmosphere of nitrogen 
so as to be nitrified. The porous semiconductor layer may be nitrided under the nitriding conditions of a temperature 
ranging from 700 to 1200 degrees Centigrade and a time period of from 1 to 120 minutes in nitrogen gas, alternatively 
under the nitriding conditions of a temperature ranging from 100 to 900 degrees Centigrade and a time period of from " 
1 to 120 minutes in nitrogen plasma. Inth is way, by gase ous phase oxidizing or nitriding, each insulator layer 13 is 
.formed within the electro n supply layer 12 while chang ed its thickness in ranging from 50 to 700 nm. 

The actual analysis on the Si0 2 insulator layer 13 in this embodiment by using an X-ray diffraction has been 
performed and then the result showed mainly a halo intensity la caused by the amorphous phase. It can be assumed 
from this result that Si0 2 of the insulator layer having an amorphous phase. 

Next, as shown in Fig. 4 the thin-film m etal elect rode 15 of Au is deposited on the insulator layer 1 3. 

W hile Si is par ticularly effective as a material tor the electron supply layer 12 of the electron emission device, an 
elemental semiconductor or a compound semiconductor of an element of a group IV, a group lll-V, a group 1 1- VI or the 
like, such as a germanium (Ge), silicon carbide (SiC), gallium arsenide (GaAs), indium phosphide (InP), or cadmium 
selenide (CdSe) can be used as well. 

While metals for the electron supply layer 12 such as Al, Au, Ag and Cu are effective as the electron supplying 
material, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn. Ga, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Cd, Ln, Sn, Ta, W, Re, Os.Jr. Pt, Tl, Pb, 
La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, and the like can be used as well. 

The preferred combinations of materials of the electron supply layer and insulator layer containing the same chem- 
ical elements in both are listed as examples as follows: 
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Electron supply-layer 


Insulator laver 


Li 


LiO x> LiAI0 2 , Li 2 Si0 3 , Li 2 Ti0 3 , LiN x 


Na 


NaO x , Na 2 AI 22 03 4l NaFe0 2 , Na 4 Si0 4 


• K 


KO x , K 2 SiG> 3 , K 2 Ti0 3 , K 2 W0 4 


Rb 


RbO x , Rb 2 Cr0 4 


Cs 


CsO x , Cs 2 Cr0 4 


Be 


BeO x 


Mg 


MgO x , MgAI 2 0 4 , lvlgFe 2 0 4) MgTiO g , MgN x 




L-/akj x , i ivj 3 , oawv-^, oaz-rUg, L/a(\i x , oao 2 


Sr 


, SrO X! SrFe 12 0 19 , SrTiOg, SrZr0 3 


Ba 


BaO x , BaAI 2 0 4 , BaFe 12 0 19 , BaTi0 3 , Ba 4 C 


Sc 


ScO x . . 


Y 


YO x , Y 3 AI 5 Q 12 , Y 3 Fe 5 0 12 , YN X 


La 


LaO x , LaFe0 3 ,La 3 Fe 5 0 12 , La 2 Ti 2 07, LaN x 


Ce 


CeO x , CeSn0 4 , CeTi0 4 


Pr 


PrO x - 


Nd 


NdO x 


Sm 


SmO x , Sm 3 Fe 5 0 12 


Eu 


EuO x , EuFe0 3 , Eu 3 Fe 5 0 12 


Gd 


GdO x , GdFe0 3 , Gd 3 Fe 5 0 12 - 


Tb 


TbO x , - ; 


Dy 


DyO x , DyFe6 3 , Dy 3 Fe 5 0 12 . 


Ho 


HoO x , HoFe0 3 , Ho 3 Fe 5 0 12 


Er 


ErO x; ErFe0 3 , Er 3 Fe 5 0 12 


Tm 


TmG x , Tm 3 Fe 5 0 12 


Yb 


YbO x 


Lu 


LuO x , LuFe0 3 , Lu 3 Fe 5 0 12 


Ti 


TiO x , NiTiO a , AI 2 Ti0 3 , FeTi0 3 , TiN x , TiC 


Zr 


ZrO x , BaZr0 3 , LiZr0 3 , MgZr0 3 , ZrN x , ZrC 


Hf 


HfO X! HfTi0 4 , HfN x , HfC 


Th 


ThO x , ThC 


v 


VO x , NH 4 V0 3) AgV0 3 ,LiV0 3 , VN X , VC 


Nb 


NbO x , BaNb 2 0 6 , NaNbQ 3 , SrNb 2 0 6 , NbN x , NbC 
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(continued) 





Electron supply layer 


Insulator layer 




- - Ta -v 


TaO x , KTa0 3 , NaTa0 3 . SrTa 2 0 6 , Tafsi x , TaC 


5 


: Cr ' 


CrO x , CuCr 2 0 4 . Ag 2 Cr0 4 , CrN x , Cr 3 C 2 




Mo 


MoO x , k 2 Mo0 4 ,*Na 2 Mo0 4 , NiMo0 4 , MoN x , Mo 2 C, MoC 




W 


WO x , BaW0 4 , Na 2 W0 4 , SrW0 4 , WN X , W 2 C, WC 




Mn ' 


MnO x , MnCr 2 0 4 , MnFe 2 0 4 ,.MnTi0 3 , MnW0 4 


10 


Re 


Reo x . ' . : * . : 


Fe 


FeO x , CoFe 2 0 4 , ZnFe 2 0 4 , FeW0 4 , FeN x 




f^u 


RuO x . 




Os 


OsO x 




Co 


CoO x , CoMo0 4 , CoTi0 3 , CoW0 4 - v -; 


15 


Rh 


Rh6 x 




Ir 


lrO x * - * 




Ni 


NiO x , NiFe 2 0 4) NiW0 4 




Pd 


PdO x ' ' :, ' 


20 


Pt 


PtO x ' ' " " " ' " 


Cu 


CuO x , CuFe 2 0 4 , CuMo0 4 , CuTi0 3 , CuW*0 4 , CuN x 




Ag 


AgO x . Ag 2 Mo0 4 , Ag 2 W0 4 




. Au 


AuO x 




Zn 


ZnO X) ZnAI 2 0 4 , ZnMo0 4> ZnW0 4 


25 


Cd 


CdO x , CdSn0 3 , CdTi0 3 , CdMo0 4 , CdW0 4 




Hg 


HgO x " : 




~ B 


BO X) BN x 




At 


AIO x , NaAI0 2 , MgAI 2 0 4 , SrAI 2 0 4 , AIN X , SiAI0 4 ; AI 4 C 3 




Ga 


GaO x , Gd 3 Ga 5 0 12 , GaN x 


In 


lnO x , lnFe0 3 , Mgln 2 0 4 , 




Ti 


TiO x , AI 2 TiD 5 , FeTiG 3 , MgTi0 3 , TiN x 






! SiO x , Na 2 Sib 3 7 CaSi6 3 ,-ZrSi0 4 , SiN x , SiAlON, SiC^ 
GeO x> K 2 Ge0 3 , Li 2 Ge0 3 , Na 2 Gie63, GeC - ^ 




^Se 


35 


Sn 


SnO x , Bi 2 Sn 3 0 9 , MgSh0 3 , SrSn0 3 




Pd 


. PbO xl PbSi0 3 \ PbMdb 4 ,PdTi0 3 




P 


po x ,pn x : r ' • : ■ 1 




As 


AsO x 


40 


Sb 


SbO x , Sn0 2 -Sb 2 0 3 


Se 


SeO x , CuSe0 4 , Na 2 Se0 3 , ZnSe0 3 




Te 


TeO x , K 2 Te0 3 , K 2 Te0 4 , Na 2 Te0 3 , Na 2 TeQ 4 " 



In this case, when the material for the electron supply layer is selected from the left side of list, at' least one oxide 
45 or nitride material is selected from the corresponding material of the right side for the insulator layer The subscribed 
x in O x , N x and the like in the above chemical formulas represent atomic ratios and also herein after. ' 

Metals Pt, Au, W, Ru and lr are effective as the material for the thin-film metal electrode 1 5 on the electron emission 
side. In addition, Al, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Y, Zr, Nb, Mo, Tc, Rh, Pd, Ag, Cd, Ln, Sn, Ta, Re, Os, 
Tl, Pb, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm t Yb, Lu and the like can be used as well for the thin-film 
so metal electrode; 

Ceramics such as AI 2 Q 3 , Si 3 N 4 and BN etc., or a Si wafer surface -oxidize d may be us ed forJ he jnateriaLo f the 
device subst rate 10 instead of glass. 

<Examples> 

55 

Electron emission devices according tothe invention were fabricated and their characteristics were examined 
concretely. 1 • \ r 

An electron supply layer of silicon (Si) was formed at 5000 nm thick, by sputtering, on an electrode surface of a 
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device substrate 10 of glass on which an ohmic electrode of W was previously formed 300 nm thick by sputtering. "A 
plurality of Si substrates of this type were prepared. 

Then, insulator layers of SiO x were formed on the electron supply layers of the Si substrates by the gaseous phase 
oxidation under the conditions of a temperature ranging from 700 to 1200 degrees Centigrade and a time period of 
from 1 to 120 minutes in oxygen gas respectively while changing the film thickness thereof in a range from 0 nm to 
700 nm. Thus a plurality of SiO x -insulator substrates were provided. 

Finally, a thin-film metal electrode of Pt was formed at a 10 nm thick on the surface of the amorphous SiO* layer 
of each substrate by sputtering, thus providing plural device substrates. 

Meanwhile, -transparent substrates were prepared, each of which has an ITO collector electrode formed inside a 
transparent glass substrate and has a fluorescent layer of a fluorescent substance corresponding to R, G or B color 
emission formed on the collector electrode by the normal scheme. 

Electron emission devices were assembled in each of which the device substrate and the transparent substrate 
are supported apart from one another by 10 mm in parallel by a spacer in such a way that the thin-film metal electrode 
1 5 faced the collector electrode 2, with the clearance therebetween made to a vacuum of ^0^ 7 Torr or 10' 5 Pa. 

Then, the diode current Id and the emission current le corresponding to the thickness of- the SiO x film of each of 
the acquired plural devices were measured. 

Figs. 5 and 6 show the relationships between the film thickness of each SiO x layer and the maximum emission 
current le, and between the film thickness and the maximum electron emission efficiency (le/ld) for each film thickness 
respectively when' a driving voltage Vd of 0 to 200 V was applied to the prepared electron emission devices. As apparent 
from Figs. 5 and 6, while the enough emission current and the electron emission efficiency were saturated from the 
thickness of 50 nm, the devices whose SiO x layers having thicknesses of 300 to 400 nm showed the maximum emission 
current of about 1 x 10* 3 A/cm 2 and the maximum electron emission efficiency of about 1 x 10* 1 . 

It is understood from those results that by applying a voltage of 200 V or lower, the emission current of 1 x 1 0~ 6 A/ 
cm 2 or greater and the electron emission efficiency of 1 x 10 -3 or greater can be acquired from an electron emission 
device which has an SiO x dielectric layer 50 nm or greater in thickness, preferably TOO to 400 nm in thickness. 

With a voltage of approximately 4 kV applied between the fluorescent-substance coated collector electrode and 
the thin-film metal electrode, a uniform fluorescent pattern corresponding to the shape of the thhvfilm metal electrode 
was observed in the devices whose Si0 2 layers have thicknesses of 50 nm or greater. This shows that the electron 
emission from the amorphous SiO x layer is uniform and has a high linearity, and that those devices can serve as an 
electron emission diode, or a light-emitting diode or laser diode which emits electromagnetic waves of infrared rays, 
visible light or ultraviolet rays. ■ - - 

There were observations of the surface of the SiO x insulator layer resulted from the oxidation of the electron supply 
layer by a scanning electron microscope (SEM) during the above formation process, grain surface each having an 
about 20 nm diameter appeared. The grain structure of SiO x of the insulator layer seems to cause the peculiar phe- 
nomenon that the tunnel current flows through the insulator layer which has a thickness of 50 nm or greater. As shown 
in Fig. 10, while Si0 2 is an insulator by nature, multiple bands with low potentials are caused by the grain structure 
defects adjacent thereto or impurities in the insulator layer. It is assumed that electrons tunnel-pass through the low- 
potential bands one after another, and thus pass through the insulator layer of 50 nm or greater in thickness as a 
consequence. 

Moreover, fluctuation of the emission current le of the embodiment electron emission device is measured under 
the conditions of a 70 V driving voltage Vd and a 200 V accelerating voltage Vc. 

Fig. 7 shows the fluctuation of emission current with the lapse of time in the electron emission device. As apparent 
from Fig. 7, the fluctuations of the emission current le of the embodiment device is very small and stable. 

It is assumed that this phenomenon occurs due to the oxidation of the electron supply layer to form the insulator 
layer since it is capable of facilitating to pass many elections from the electron supply layer to the insulator layer through 
the interface therebetween which is smoothly formed. 

In addition, change of the emission current le of the embodiment electron emission device is also measured under 
the conditions of a 70 V driving voltage Vd and a 200 V accelerating voltage Vc. 

Fig. 8 shows a^relationship between the electron emission current and the driving voltage applied for driving the 
electron emission device. As seen from plots in Fig. 8, the electron emission devices began to emit electrons at a 
driving voltage Vd ol about 50 V 

Thus, it can be considered that electrons easily pass through the interface between the insulator layer and the 
electron supply layer, so as to reach stably the thin-film metal electrode. 

Fig. 9 shows an el ctron emission display devic according to one embodim nt of the invention. This embodiment 
comprises a pair of the transparent substrate 1 and the device substrate 10, which face each other with a vacuum 
space 4 in between. In the illustrated lectron emission display apparatus, a plurality of transparent collector electrodes 
2 of, for example, an indium tin oxide (so-called ITO), tin oxide (SnO), zinc oxide (ZnO) or the like, are formed in parallel 
on the inner surface of the transpar nt glass substrate 1 or the display surface (which faces the back substrate 10). 
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The collector electrodes 2 may be formed integrally. Th transparent collector el ctrodes which Jrap emitted electrons 
are arranged in groups of three in association with red (R), green (G) and blue (B) color signals in order to provide a 
color display panel, and voltages are applied to those three collector electrodes respectively. Therefore, fluorescent 
layers 3R, 3G and 3B of fluorescent substances corresponding to R, G and B color emissions are respectively formed 
5 on the three collector electrodes 2 in such a way as to face the vacuum space 4. 

A plurality of ohmic electrodes 11 are formed in parallel on the inner surface of the device substrate 10 of glass or 
the like which faces the transparent glass substrate 1 with the vacuum space 4 in between (i.e., said inner surface 
faces the transparent glass substrate 1) via an auxiliary insulator layer 18. The auxiliary insulator layer 18 is comprised 
of an insulator such as Si0 2 , SiN x , Al 2 0 3 or AIN, and serves to prevent an adverse influence of the device substrate 
10 10 on the device (such as elution of an impurity such as an alkaline component or a roughened substrate surface). A 
plurality of electron emission devices S are formed on the ohmic electrodes 11. In order to adjoining thin-film metal 
electrodes 15 are electrically connected to each other, a plurality of bus electrodes 16 are formed on parts of the thin- 
film metal electrodes 15, extending in parallel to one another and perpendicular to the ohmic electrodes 111. Each 
electron emission device S comprises the electron supply layer 12, the insulator layer 13 and the thin-film metal elec- 
ts trode 15 which are formed in order on the associated ohmic electrode 1V. . . ... 

The thin-tilm metal electrodes 15 face the vacuum space 4. A second auxiliary insulator layer 17 with openings is 
formed to separate the surfaces of the thin-film metal electrodes 15 into a plurality of electron emission regions. This 
second auxiliary insulator layer 17 covers the bus electrodes -I6 to prevent unnecessary short-circuiting. 

The mate rial for the ohmic electrodes 11 is Au," Pt, Al, W or: the likeVhich ,is generally, used for the wires of a n IC, 
20 »nd haS^-i-inrfftfm-tiiii. k ii H.^ fin Mj ppl yh \ g sub stH nt i a ll y 4^Q^sa mft cur r e nUo the individua l devices. ? 

While silicon (Si) is one material for the electron supply layer, 12, it is not restrictive foTthe-eleetron supply layer 
of the invention and other semiconductors or metals of any of-amorphousj. polycrystal and monocrystal can be used 
as well. - - ; .-<'}■■ 

From the principle of electron emission, it is better that the material for the thin-fiJm metal electrode 1 5. has a lower 
25 work function o and is thinner. To increase the electron errnssion efficiency, the matenialfor the thin-film metal electrode 
15 should be a metal of the group I or group II in the periodic, table;-: for : exarnple p Mg, Ba, Ca, Cs, Rb, Li, Sr, and the 
like are effective and alloys of those elements may be used as well. To make the thin-film metal electrode 15 very thin : 
the material for the thin-film metal electrode 1 5 should be a chemically stable metal with a high conductivity; for example, 
single substances of Au, Pt, Lu, Ag and Cu or alloys thereof are desirable. It is effective to coat or dope a metal with 
30 a low work function as described above on or in those metals. *• 

The material for the bus electrodes 16 can be Au, Pt, Al or the like which is generally used for the wiring of an 
integrated circuit IC,. and should have a :thickpess. enough, ,to. supply substantjaJiy the same potential to the'individual 
devices, adequately of 0,1 :to 50 |im. - ^ , ■--> -■ ; rr- *' v. • 

A simple matrix system or an active matrix system.may be employed as.tfie driving system for the display device 
35 of the invention. . r- !'.*,:•.. , •;- = _ < , ■ - : ?-j .:.-„- v-li . i . 

In addition to the dispersed Si, SiO x in the insulator layej: as shown in the above embodiment, the Si or SiO* region 
may be formed in theform of plural layers laminated to one another; . ; 

40 Claims v - - .- :\ . k : • 

1. An electron emission device comprising:? 

an electron supply layer made of metal or semiconductor; 
45 an insulator layer formed on the electron supply layer; and 

a thin-film metal electrode formed on the insulator layer and facing a vacuum space, 

characterized in that said insulator layer formed by oxidation or nitriding process of said electron supply layer 
and having at a film thickness of 50 nm or greater, whereby the electron emission device emits electrons when an 
so electric field is applied between the electron supply layer and the thin-film metal. 

2. An electron emission device according to claim 1 , wherein said electron supply layer is made of silicon; and said 
insulator layer made of a substance selected from silicon oxide and silicon nitride. 

55 3. An electron emission device according to claim 1 , whereiasaid electron supply layer comprises a metal selected 
. f rom Al, Au, Ag and Cu. . 

4. An electron emission device according to any one of claims 1 to 3, wherein the thin film metal electrode is made 
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of a material including a m tal selected from Group I or Group II of the periodic table. 

5. An electron emission device according to any one of claims 1 to 3, wherein the thin film metal electrode is made 
of a material including a metal selected from Au, Pt, Lu, Ag and Cu. 

6. An electron emission display device comprises: 



a pair of first and second substrates facing each other with a vacuum space in between; 
a plurality of electron emission devices provided on the first substrate; 
10 a collector electrode provided in the second substrate; and 

a fluorescent layer formed on the collector electrode, 

each of the electron emission devices comprising ah electron supply layer of metal or semiconductor; an 
insulator layer formed on the electron supply layer; and a thin-film metal electrode formed on the insulator 
layer and facing a vacuum space, wherein said insulator layer formed by oxidation or nitriding process to said 
15 electron supply layer and having at a film thickness of 50 nm or greater. 

7. An electron emission display device according to claim 6, wherein said electron supply layer is made of silicon; 
and said insulator layer made of a substance selected form silicon oxide and silicon nitride. 

20 8. An electron emission display device according to claim 6, wherein said electron supply layer comprises a metal 
selected from Al, Au, Ag and Cu. 

9. An electron emission display device according to any one of claims 6 to 8, wherein the thin film metal electrode is 
made of a material including a metal selected from Group I or Group II of the periodic table. 



10. An electron emission display device according to any one of claims 6 to 8, wherein the thin film metal electrode is 
made of a material including a metal selected from Au, Pt, Lu, Ag and Cu. - — - 
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(54) Electron emission device and display device using the same 



(57) An electron emission device exhibits a high 
electron emission efficiency. The device includes an 
electron supply layer (12) of metal or semiconductor, an 
insulator layer ( 1 3) formed on the electron supply layer, 
and a thin-film metal electrode (15) formed on the insu- 
lator layer. The.insulator layer is formed by oxidation or 



nitriding process of the electron supply layer and has a 
film thickness of 50 nm or greater. When an electric field 
(Vd) is applied between the electron supply layer (12) 
and the thin-film metal electrode (1 5), the electron emis- 
sion device emits electrons. The invention further com- 
prises an electron emission display device. 



CO 
< 
CD 

CD 
00 

00 

o 

LU 



FIG . 1 



Ie 



V c 



V d 



ft MM 

e e e e e e 



Id 



3 R, G , B 



1 5 

-1 3 
. I 2 
1 1 

1 0 



Printed by Jouve. 75001 PARIS (FR) 



BNSDCCID: <EP 087881 9 A3_l_> 



EP 0 878 819 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 30 3862 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wtth indication, where appropriate, 
of rel evant passages 



Relevant • Classification of the 
to claim APPLICATION <lnt.C!.6) 



US 3 447 045 A (HICKMOTT THOMAS W) 
27 May 1969 

* column 2, line 54 - line 71; claim 2 * 

EP 0 863 533 A (PIONEER ELECTRONIC CORP) 
9 September 1998 

* claims 1-37 * 

EP 0 865 064 A (PIONEER ELECTRONIC CORP) 
16 September 1998 

* cl aims 1-5 * 

EP 0 367 195 A (MATSUSHITA ELECTRIC IND CO 
LTD) 9 May 1990 

* claims 1-21 * 

SUZUKI M ET AL: "10.3: EMISSION AND 
BEAM-DIVERGENCE PROPERTIES OF AN 
MIM-CATHODE ARRAY FOR DISPLAY 
APPLICATIONS" 

13 May 1997 , 1997 SID INTERNATIONAL 
SYMPOSIUM DIGEST OF TECHNICAL PAPERS , 
BOSTON , MAY 13 - 15, 1997, NR. VOL. 28, 
PAGE(S) 123 - 126 , SOCIETY FOR 
INFORMATION DISPLAY XP000722672 

DEL0NG A ET AL: "A 1:1 ELECTRON STEPPER" 
1 November 1989 , JOURNAL OF VACUUM 
SCIENCE AND TECHNOLOGY: PART B.-.V0L. 7. 
NR. 6, PAGE(S) 1422 - 1425 XP000117170 

H.GENTSCH ET AL. : 

"M0S-SANDWICH-GITTER-DI0DE ZUR ERZEUGUNG 
VON FELDI0NISATI0NSFELDSTARKEN AN DER 
PHASENGRENZE FESTKORPER/GAS" 
ZEITSCHRIFT FUR NATURFORSCHUNG A, 
vol. 26A, no.- 6, June 1971, pages 
1010-1016, XP002080852 



1.3,5 



1.6 



1.6 



H01J1/30 
H01J31/12 



TECHNICAL FIELDS 
SEARCHED (tnt-CI.6) 



H01J 



The present search reoort has been drawn up for all claims 



Place ol search 

THE HAGUE 



Date of completion ot the search 

15 October 1998 



Eiarrmer 

Van den Bulcke, E 



CATEGORY OF CITEO DOCUMENTS 

X : particularly relevant if taken atone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T * theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
O ; document cited in the application 
L : document oiled tor other reasons 

& : member of the same patent family, corresponding 
document 



0° 



_ ^ tf\ 3- lo> 



BNSDOCID: <EP 087881 9A3_I_> 



